SUMMARY Twenty five biochemical and haematological measurements were determined on nonfasting blood and serum samples collected between 9 am and 7 pm from a representative group of 7685 British middle-aged men. Most measurements showed significant diurnal variations, but only for bilirubin, phosphate, and triglyceride did time of day account for more than 5% of the between subject variance. Serum bilirubin concentrations showed a pronounced downward trend in the afternoon, the mean value after 6 pm being 30% lower than the mean value in the morning. Mean serum triglyceride and phosphate concentrations increased steadily through the day. Mean concentrations of potassium, haemoglobin, and haematocrit and red cell count were higher in the morning, while urea and creatinine concentrations and white cell count had higher means in the afternoon. Glucose showed a pattern consistent with short term response to meals. The British Regional Heart Study includes 7735 men aged between 40 and 59 years, who had been randomly selected from the age and sex registers of representative general practices in 24 towns in England, Wales, and Scotland. The criteria for selecting the towns, the general practice, and the subjects, as well as the methods of data collection, have been reported elsewhere.6
For many biochemical and haematological investigations it is recommended that they be carried out with the patient in a fasting state. Indeed, for some variables such as serum lipids and serum glucose, laboratories may decline to carry out measurement when the patient has not fasted. This is often different for inpatients and outpatients, and in routine practice most biochemical and haematological determinations are made on non-fasting blood samples. The interpretation of these findings is usually made without reference to the time of venepuncture. This paper reports the findings of diurnal variation in 25 standard biochemical and haematological measurements to assess whether these changes are of sufficient magnitude to require wider recognition and possible adjustment when interpreting results.
Whereas most previous studies of diurnal variation have used repeated blood sampling on a small number of subjects,'-5 our data relate to multiple measures carried out on a single venous blood sample obtained from a large representative sample of British middleaged men, who were screened during day-time hours in a prospective study of risk factors for coronary heart disease.
Accepted for publication 18 August 1988 Subjects and methods The British Regional Heart Study includes 7735 men aged between 40 and 59 years, who had been randomly selected from the age and sex registers of representative general practices in 24 towns in England, Wales, and Scotland. The criteria for selecting the towns, the general practice, and the subjects, as well as the methods of data collection, have been reported elsewhere. 6 From each practice's age-sex register some 420 men, aged between 40 and 59 years, stratified into five year age groups of equal size, were selected at random. The list of names was reviewed by the doctors in the practice, who were asked to exclude those whom they thought would not be able to participate because of severe mental or physical disability. The remaining subjects were invited to take part in the study in a letter signed by the general practitioner. Seventy eight per cent of those invited attended for examination by a team of three research nurses over a period of two and a half years. one way analysis of variance was based on 10 time intervals (nine one-hour periods from 9 am to 6 pm, plus 6 pm onwards). 
TRIGLYCERIDES
The steady increase throughout the day in mean triglyceride concentration in non-fasting subjects has been shown previously.'8 Food intake seems to be a major contributory cause and type of diet may affect the extent of diurnal trend. For instance, Kuo and Carson showed that diurnal rises in triglycerides seem to be smallest on a diet of rice and fruit. '8 Triglyceride concentrations can increase rapidly in response to a single high fat meal in the morning. '9 Epidemiological studies of coronary heart disease have usually focused on the measurement of fasting triglycerides to eliminate artefactual differences between subjects caused by differing timings of venepuncture after varying dietary patterns. Fasting concentrations, however, may be an artificial measure, relative to an individual's normal daytime triglyceride pattern. Greater insight might be obtained from nonfasting triglyceride measurements after a subject's usual diet,20 though some adjustment for the diurnal trend is advisable. There is no evidence of diurnal variation in serum total cholesterol, which supports the view that cholesterol measurements need not be made in the fasting state.
POTASSIUM
Our finding of lower values of mean serum potassium in the afternoon compared with the morning has also been shown in other studies,' 2 though there seems to be considerable individual variation about this underlying trend. The reasons for this daytime variation in serum potassium are unclear'0 and probably of little clinical importance.
UREA AND CREATININE
Mean values of serum urea and creatinine tended to increase during the day. While these associations are significant, diurnal variation explained only about 1-2% of the between-subject variance in each case. As these findings have not been consistently noted in other studies, they should be interpreted cautiously. It may be, however, that the increase in urea is the result of the metabolism of dietary protein and that of creatinine the outcome of muscular activity and energy output.
GLUCOSE
The diurnal pattern of mean glucose concentration was predictable and supports the validity of the methods used here to study diurnal variations. The troughs in the late morning (just before lunchtime?) and late afternoon (just before dinnertime?) are consistent with the short term response to carbohydrate intake. It is perhaps surprising that the diurnal trend is not greater: the peak of 5-8 mmol/l between 2 and 3 pm is only 7% higher than the trough of 5 4 mmol/l between 12 noon and 1 pm, and less than 1% of the between-subject variance is attributed to time of day.
RED CELL COUNT, HAEMOGLOBIN, HAEMATOCRIT
The mean red cell count, haemoglobin, and haematocrit all show a weak declining trend through the daytime, as previously reported in a study of both medical students and elderly subjects.2' Circadian variations in plasma volume may explain these trends.4
WHITE CELL COUNT
The increasing mean white cell count through the day has been previously reported, and it was suggested that physical exercise may be a causative factor.22 Although the mean white cell count is higher in cigarette smokers, the observed diurnal trend was similar in both non-smokers and current smokers.
We have shown that there is a significant diurnal variation in many standard biochemical and haematological tests in a general population of middle-aged men. It has been suggested that such circadian biochemical rhythms should be taken into account by laboratories in setting reference ranges and upper limits ofnormality for routine use.23 For most of the biochemical and haematological measurements we studied, the diurnal trends were weak, accounting for 3% or less of the between-subject variance, so that statistical correction for time of day would be a subtle refinement rather than an essential routine. For serum bilirubin, phosphate, and triglycerides, however, the diurnal variation is more substantial. We recommend that the decline in bilirubin concentration through the afternoon and the increasing daytime trends in phosphate and triglycerides values should be taken into account when making clinical interpretations of these three measures.
